[Abstract] Adult skeletal muscle regeneration is orchestrated by a specialized population of adult stem cells called satellite cells, which are localized between the basal lamina and the plasma membrane of myofibers. The process of satellite cell-activation, proliferation, and subsequent differentiation that occurs during muscle regeneration can be recapitulated ex vivo by isolation of single myofibers from skeletal muscles and culturing them under suspension conditions. Here, we describe an improved protocol to evaluate ex vivo satellite cells activation through isolation of single myofibers from extensor digitorum longus (EDL) muscle of mice and culturing and staining of myofiber-associated satellite cells with the markers of self-renewal, proliferation, and differentiation.
The in vivo process of muscle regeneration with respect to satellite cell activation, proliferation, and differentiation can be partly recapitulated through suspension culture of myofiber explants (Rosenblatt et al., 1995; Shefer and Yablonka-Reuveni, 2005) . The process of myofiber isolation which involves digestion of muscle tissue with matrix-degrading enzymes (e.g., collagenases) and mechanical shearing causes minor trauma which leads to the activation of satellite cells on myofibers. Immediately upon isolation, each myofiber is associated with a fixed number (Pax7 and return to quiescence (Le Grand and Rudnicki, 2007) . The myofiber culture system has served as an excellent platform to study the fundamental properties of muscle stem cells and the effects of various www.bio-protocol.org/e1942 2 genetic manipulations on the basic properties of satellite cells. One of the major advantages of isolated single myofiber cultures is that the physical interaction between the myofiber and satellite cells is preserved in the sense that satellite cells are still maintained beneath the basal lamina (Bischoff, 1986) .
Furthermore, suspension cultures of myofibers are routinely used to study the effects of various pharmacological compounds and overexpression or knockdown of specific proteins on self-renewal, www.bio-protocol.org/e1942 Leave plates open to dry (drying requires ~20 min). Close plates once they are dried and leave under hood at room temperature till ready to use. These plates will be used for isolation and culturing of myofibers following digestion of EDL muscle with collagenase.
4. Following the recipe, prepare base of digestion medium (see Note 2).
5. Following the recipe, prepare collagenase II (see Note 3).
6. Following the recipe, prepare washing solution. To wash EDL muscle before digestion, prepare a 6-well plate with 3 ml per well of washing solution. Each well is specific for one pair of EDL muscles (right and left). There will be 3 washes per pair of EDL.
B. Muscle removal and washing 1. Euthanize mouse by administrating an IP injection of Avertin (2, 2, 2-tribromoethanol) at a dose of 250 mg/kg, followed by cervical dislocation.
2. Spray 70% ethanol on the whole body and pin the mouse face up.
3. Shave hair around hind limb area and gently remove the skin using autoclaved scissors and forceps (see Note 4).
4. Remove carefully fascia surrounding right tibialis anterior (TA) muscle (Video 1).
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5 Video 1.
Step-wise procedure for the isolation of EDL muscle from mouse 5. Remove carefully TA muscle without damaging underneath EDL muscle (see Note 5) . The first muscle removed is TA muscle which can be discarded (Video 1).
6. Remove carefully EDL muscle ( Figure 1 ). Second muscle removed in Video 1 is EDL muscle.
Avoid stretching of muscle during and after isolation (see Notes 5-7).
7. Put EDL muscle in the well containing washing solution (first wash).
8. Perform isolation of the other side EDL (try to do this step within next 5 min).
9. Put EDL muscle in the same well as the other EDL muscle. www.bio-protocol.org/e1942 10. Spray the 6-well plate with 70% ethanol before putting it under the biosafety cabinet.
11. Perform second and third washes (30 sec each), by transferring EDL muscle to the next well containing washing solution.
C. Muscle digestion 1. Following the recipe, complete the preparation of digestion medium by adding 400 U/ml of collagenase II to the base of digestion medium. Filter the digestion medium with a 0.22 µm filter.
2. Take a new 6-well plate and put 5 ml of digestion medium per well (for two EDL muscles).
3. Take autoclaved forceps and remove EDL muscles from the 6-well plate used for washing and put them in the 6-well plate containing digestion medium.
4. Put the 6-well plate containing EDL muscles for 1.5 h to 2 h in a CO2 incubator set at 37 °C and 2. Coat autoclaved Pasteur pipets with horse serum (horse serum prevents myofibers from sticking to glass pipet).
3. Take a new 6-well plate and put 2 ml of MfGM per well (for neutralization of collagenase activity following EDL muscle digestion).
4. Remove 6-well plate containing EDL muscle from the incubator. Observe EDL muscle under the microscope to ensure normal structure and shape of single myofibers. Representative individual and merged images of myofiber-associated satellite cell cluster stained with anti-Pax7, anti-MyoD, and DAPI following 72 h of culturing. Scale bar = 100 µm.
Data analysis
For individual experiments, the sample size should be determined by power analysis. 2. Do not add collagenase at this point to preserve enzymatic activity.
3. Collagenase aliquots can be prepared ahead of time and stored at -20 °C.
4. It is critical to use sterile surgical tools to avoid contamination of cultures especially for longterm analysis.
5. Make sure that sharp side of scissors is not facing muscle surface as this could shear and damage the muscle.
6. In order to obtain undamaged myofibers, it is necessary to isolate EDL muscle from tendon to tendon during muscle removal process.
7. When handling EDL muscle at any step, make sure to hold it by its distal tendons and avoid pinching or grabbing it from the mid-belly.
8. Attempting to triturate or release myofibers from EDL before muscle is adequately digested will subject myofibers to mechanical damage because greater trituration force will be required which will reduce the yield of healthy myofibers.
9. EDL muscle from wild-type C57BL6 mice get digested within 2 h. However, some other strains may take longer or shorter time for sufficient digestion. It is highly recommended to monitor the digestion of muscle under microscope. Under-or over-digestion of muscle will lead to death and poor yield of myofibers during subsequent steps.
10. At this step, do not allow the digested muscle to be aspirated into the Pasture pipet as this could damage the myofibers.
11. Once some myofibers have been released into the medium in one well, do not continue the trituration process in the same well to release more myofibers, as previously released myofibers may be damaged during the attempt to dissociate more myofibers from the muscle. For that reason, immediately transfer the muscle to the next well of the tissue culture plate and continue the trituration process to release more myofibers. Continue this process till maximum number of myofibers can be released.
12. Healthy myofibers should look translucent with no signs of damage or shearing. Regular striations can be observed on the surface of myofibers under high magnification.
13. Removing the entire growth medium before fixing the myofibers may result in bending or shrinking of myofibers, therefore it is advisable to add 4% PFA to myofibers while still in residual amount of growth medium to maintain morphological and structural integrity.
Recipes

Collagenase II
Prepare 4,000 U/ml stock in ultra-pure water.
www.bio-protocol.org/e1942 b. Once muscle has been isolated and ready for digestion, add collagenase II to make a final concentration of 400 U/ml. Shake briefly by hand.
c. Before use, filter digestion medium using a 0.22 µm filter.
Note: For two EDL muscles prepare 5 ml of digestion medium.
Washing solution
PBS with 1% Pen/Strep 4. 70% ethanol Combine 700 ml of 100% ethanol with 300 ml of deionized water.
Basic fibroblast growth factor (bFGF)
Dilute 50 µg of bFGF (50 µg/ml) in 1 ml of 5 mM Tris (pH 7.6) with 0.1% BSA.
Chicken embryo extract (CEE)
Add 10 ml of PBS in a bottle containing lyophilized CEE (50 µg/ml).
Myofiber growth medium (MfGM)
Supplement DMEM with 10% FBS, 1% Pen/Strep, 2% CEE, and 10 ng/ml bFGF.
Warm MfGM at 37 °C in a water bath.
Before use, filter MfGM with a 0.22 µm filter.
Note: For two EDL muscles prepare 36 ml of MfGM.
4% paraformaldehyde (PFA)
Dilute 0.4 g of PFA in 10 ml of PBS.
Shake vigorously at 60 °C and 250 rpm for 1-2 h until completely dissolved.
Before use, filter 4% PFA with a 0.45 µm filter.
10% Triton X-100
Combine 100 µl of 100% Triton X-100 with 900 µl of PBS.
Quenching solution
For 10 ml solution, combine 75.07 mg of glycine with 200 µl of 10% Triton X-100 and 50 µl of 5% sodium azide.
Complete to 10 ml with PBS.
Blocking solution
For 10 ml solution, combine 200 mg of BSA with 200 µl of 10% Triton X-100 and 500 µl of horse serum.
Before use, filter blocking solution with a 0.45 µm filter.
